THERE is at present good evidence that urethane (ethyl carbamate) is a tumourinducing agent with a broad spectrum of activity. However, since the first observation of Nettleship and Henshaw (1943), lung seems to be the tissue most susceptible to the carcinogenic action of this chemical.
THERE is at present good evidence that urethane (ethyl carbamate) is a tumourinducing agent with a broad spectrum of activity. However, since the first observation of Nettleship and Henshaw (1943) , lung seems to be the tissue most susceptible to the carcinogenic action of this chemical.
In experiments previously reported (Fiore-Donati et al., 1961b) we observed that the administration of urethane to lactating mice gave rise to pulmonary adenomas in a high percentage of the offspring. A more extensive study, which is reported here, was designed to add new information on the influence of the age of animals and route of administration of urethane on lung carcinogenesis in mice.
MATERIAL AND METHODS Swiss mice of both sexes, originally obtained from ARSAL Co. Roma, and bred in this laboratory since 1959, were used. The animals were housed in wooden cages in a temperature-controlled room at 21-23°C. ARSAL mouse diet and water were provided ad libitum. Urethane was obtained from Carlo Erba S.p.A.,
Milano.
The experiments were set up as follows Experimental group 1.-Female mice received at the 1st, 3rd, and 5th day after parturition 30 mg. of urethane by stomach tube in 0-25 ml. of distilled water. The young were killed at 20, 45, and 90 days of age. Another group of lactating mothers received 5 or 10 doses of urethane starting from the 1st or 3rd day after parturition, and the young were killed at 210 days of age. When the litters were large, the newborn exceeding the number of six were killed at birth in order to uniform the suckling of all litters.
Experimental group 2.-To exclude the possibilitv of contamination of the suckling mice from sources other than maternal milk, urethane was given in this experiment to the male parents of the litters. Five doses of 30 mg. of urethane were given by stomach tube at the 1st, 3rd, 5th, 7th, and 9th day after birth of the litters. The urethane-treated parent was caged together with the litter and the lactating female until the young were weaned. The young were killed at 45, 90, and 210 days of age.
Experimental group 3.-Newborn animals less than 24 hours old were injected subcutaneously in the interscapular region with a single dose of 2 mg. of urethane in 0 05 ml. of distilled water (approximately 1 mg. /g. of body weight). They were killed at 20, 45, 90, and 210 days of age.
Experimental group 4.-Adult mice, 45 days old, were injected subcutaneouslv with a single dose of 1 mg. /g. of urethane in 0'20 ml. of distilled water. They were killed at the 20th, 45th, 90th, and 210th day after treatment.
As a control group, untreated animals selected at random were killed at 45, 90, and 210 days of age.
The number of adenomas was determined on the basis of the counting of surface nodules as detected by gross inspection of lungs. The mean nodule count was calculated on the basis of the number of mice with pulmonary tumours.
RESULTS
The results of the experiments are summarized in Table I . As previously reported (Fiore-Donati et al., 1961b ) the administration of urethane to lactating In animals of experimental group 4 which received a single injection of urethane as young adults, the incidence of lung adenomas was somewhat lower than in mice injected at birth. However, the most remarkable difference was noted in the number of neoplastic nodules found at later stages. In mice of this experiment, killed at 210 days, the mean nodule count was 4 in comparison with the value of 17 obtained in animals which had received urethane at newborn age.
In the untreated control group, lung tumours were found only in animals killed at 210 days of age, with an incidence of 7 per cent and a mean nodule count of 1. No sex differences were observed in the animals of all series. The female and male parents treated with urethane in experimental groups 1 and 2 were allowed to survive till spontaneous death. Multiple pulmonary adenomas were found in 90 per cent of the female and 100 per cent of the male group. In addition, 7 out of 34 females developed mammary tumours, with an incidence of 20 per cent. In our colony the incidence of spontaneous mammarv tumours in Swiss mice is about 10 per cent.
In the animals of experimental groups 1, 3, and 4, lung adenomas were founid to have much larger size than in animals of group 2 and control group. Sometimes a single tumour was so large as to occupy almost the whole lung. In no instances metastases were observed. Neoplastic infiltration of the chest wall was found in a few cases. Histologically, adenomas appeared as non-encapsulated neoplasms with an adenomatous pattern. Papillary arrangement and involvement of bronchial lumina were usually observed at later stages.
In the animals of the present experimental series, other tumours were also found. Besides malignant lymphomas, which have previously been reported (Fiore-Donati et al., 1961a; Fiore-Donati et al., 1962) , a certain number of liver and skin tumours were noted, particularly in mice receiving urethane at birth. Details on liver tumours induiced by urethane will be reported elsewhere.
DISCUSSION
Our results are in agreement with experimental data accumulated in the last few years which strongly suggest that newborn animals are particularly susceptible to viral and chemical carcinogenesis (Gross, 1951 ; Pietra, Rappaport and Shubik, 1961 ; Fiore-Donati et al., 1961a; Fiore-Donati et al., 1962) . In the present experiments the lung tissue of newborn mice was found to react with great sensitiveness to the tumour-inducing action of urethane. In comparison to adult animals, adenomas developing in mice injected at birth appeared earlier, in higher percentage of animals and in greater number. Similar results have recently been reported by Kelly and O'Gara (1961) , using dibenz(a, h)anthracene and 3-methvlcholanthrene.
It is possible that in addition to pulmonary and lymphopoietic tissues other organs respond more readily to chemical carcinogens when adequately stimulated at newborn age. Therefore, as already suggested by others (Kelly and O'Gara, 1961; Roe, Rowson and Salaman, 1961) , newborn animals can be used as a very suitable and economical tool for testing the carcinogenic activity of various chemical substances.
Furthermore, our results clearly indicate that urethane administered to lactating mothers can be transferred to the offspring by way of the milk. Although it has been reported that the urinary excretion of free urethane is about 5-10 per cent of the total administered amount (Bryan, Skipper and White, 1949) , the possibility that in our experiments the development of lung adenomas could result from environmental contamination can be easily ruled out. As shown by experimental group 2, no significant rise in the incidence of lung tumours was found in the progeny when urethane was administered to the male parent of the litter. It must therefore be concluded that the mammary route of excretion, already demonstrated for both chemical (Shay et al., 1950) and viral (Bittner, 1936; Gross, 1962; Moloney, 1962 ) oncogenic agents, is also effective for urethane.
SUMMARY
Swiss mice injected with a single dose of urethane at birth developed lung adenomas earlier and with a greater incidence than animals receiving this chemical at young adult age.
Urethane given to lactating mothers was found to induce lung tumours in a high percentage of the offspring. The actual excretion of urethane through the maternal milk was proved also indirectly by the negative results obtained in a control experiment in which urethane was administered to the male parents of the litters.
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